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(57) ABSTRACT 

A fuse structure (100) suitable for incorporation in an 
integrated circuit presents a reduced thermal conduction 
foot-print to the substrate (103). A patterned material stack 
(102) is formed on a substrate (103) and at least a portion of 
a material disposed between the substrate (103) and an upper 
portion of the fuse structure (100) is selectively etched so as 
to reduce the thermal conduction pathway between the upper 
portion and the substrate (103). In a further aspect of the 
present invention, the reduced cross-section of the fuse 
structure (100) has an increased current density resulting in 
a lower amount of current being needed to program the fuse. 
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FUSE STRUCTURE HAVING REDUCED HEAT 
DISSIPATION TOWARDS THE SUBSTRATE 

[0001] The present invention relates generally to electrical 
circuit elements suitable for incorporation in integrated 
circuits, and more particularly relates to electrical fuse 
structures adapted to transfer a reduced amount of heat 
energy toWards the substrate during programming of such 
fuse structures. 

[0002] Semiconductor manufacturing processes are used 
to produce integrated circuits that include a variety of 
electrical circuit elements. Such circuit elements commonly 
include, for example, transistors, resistors, capacitors, and 
diodes. Typical semiconductor manufacturing processes are 
also capable of producing structures that can act as electrical 
fuses. Such fuses may be programmed, or “bloWn”, by 
heating the fuse, typically by conducting a current through 
the fuse, or by illuminating, and thereby heating, the fuse 
With a laser beam. 

[0003] One commonly used fuse structure includes a rela 
tively narroW piece of metal, or other conductive material, 
disposed on a layer, typically an upper layer, of an integrated 
circuit, and further includes an opening in a generally 
overlying passivation layer. Such an opening, or WindoW, in 
the passivation provides a path for material that is thrown off 
When the fuse is programmed, or bloWn. 

[0004] As indicated above, the typical fuse programming 
process involves heating and material displacement. Unfor 
tunately, heating and material displacement can affect the 
reliability of the integrated circuit in Which the fuse is 
incorporated. 
[0005] What is needed are structures and methods for 
accommodating the heating due to fuse programming While 
maintaining an acceptable level of product reliability. 

[0006] Brie?y, a fuse structure suitable for incorporation 
in an integrated circuit presents a reduced thermal conduc 
tion footprint to the substrate. A patterned material stack is 
formed on a substrate and at least a portion of a material 
disposed betWeen the substrate and an upper portion of the 
fuse structure is selectively etched so as to reduce the 
thermal conduction pathWay betWeen the upper portion and 
the substrate. 

[0007] FIG. 1 is a top vieW of a fuse structure shoWing the 
shape of a metal stack, and further shoWing an opening in a 
passivation layer overlying the fuse structure. 

[0008] FIG. 2 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line A-A. 

[0009] FIG. 3 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line B-B. 

[0010] FIG. 4 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line C-C Wherein the selective etch 
of the loWer layer leaves a small portion thereof remaining 
under the upper layer thereby creating substantial gaps 
betWeen the upper layer and the substrate in the region of 
highest current density. 

[0011] FIG. 5 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line C-C Wherein the selective etch 
of the loWer layer removes all of that layer, thereby creating 
a complete gap betWeen the upper layer and the substrate in 
the region of highest current density 
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[0012] FIG. 6 is a How diagram illustrating a process for 
the formation of fuse structure in accordance With the 
present invention. 

[0013] FIG. 7 is a How diagram illustrating a process for 
the formation of fuse structure in accordance With the 
present invention. 

[0014] Generally, the present invention relates to a fuse 
structure suitable for use in an integrated circuit, and Which, 
relative to conventional fuse structures, provides a reduced 
thermal pathWay for the transfer of energy into the substrate 
during the fuse programming process. 

[0015] Reference herein to “one embodiment”, an 
embodiment”, or similar formulations, means that a particu 
lar feature, structure, operation, or characteristic described 
in connection With the embodiment, is included in at least 
one embodiment of the present invention. Thus, the appear 
ances of such phrases or formulations herein are not neces 
sarily all referring to the same embodiment. Furthermore, 
various particular features, structures, operations, or char 
acteristics may be combined in any suitable manner in one 
or more embodiments. 

[0016] Fuses are typically incorporated into an intercon 
nect layer of an integrated circuit during the manufacturing 
stage of integrated circuit formation. Programming of such 
fuses is typically done after opening a WindoW in the 
dielectric layer, or layers, that cover a fuse structure. Pro 
gramming of the fuse is sometimes referred to as “blowing” 
a fuse. As part of a programming process, thermal energy, 
that is heat, is produced by the resistive heating of the fuse 
as electric current is passed therethrough. The WindoW 
openings through the dielectric layer, or layers, overlying the 
fuse, function as an escape route for the ‘bloWn’ interconnect 
material Which forms at least a portion of the fuse structure. 
The amount of heat dissipated as a result of the fuse 
programming process is related to the current density used. 
At least a signi?cant portion of the heat produced during 
fuse programming is dissipated underneath the bloWn fuse 
area into the substrate. Subsequent to the programming of 
conventional fuse structures, substantial damage, for 
example, cracking of the substrate/surface area, and surface 
roughening, has been observed. Such cracking strongly 
degrades the reliability of the integrated circuit against 
moisture and sodium penetration, among others. 

[0017] In accordance With the present invention, by depos 
iting a material stack on a substrate, patterning the material 
stack to form a fuse structure, and at least partially removing 
material from a loWer portion of the stack, i.e., that portion 
closer to the substrate, the fuse is provided With a smaller 
thermal conduction footprint. Such a smaller thermal con 
duction footprint results in reduced thermal contact betWeen 
the fuse and the substrate, Which is disposed underneath the 
fuse area. Consequently, the heat transfer path betWeen the 
fuse structure and the substrate underneath the fuse is 
substantially reduced. Additionally, by removing at least a 
portion of the material stack that is close to the substrate, the 
current density required to bloW the fuse is also reduced, and 
therefore there Will be a corresponding reduction in heat 
dissipation. 

[0018] Referring to FIG. 1, a top vieW of a fuse structure 
100 in accordance With the present invention shoWs the 
shape of a metal stack 102 that includes a narroW portion 
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104, and further shows an opening 106 in a passivation layer 
105 overlying fuse structure 100. In this illustrative embodi 
ment, metal stack 102 is comprised of a tungsten layer and 
an overlying layer of aluminum. The tungsten layer is 
adjacent an electrically insulating substrate 103 upon Which 
metal stack 102 and the passivation layer are disposed. It is 
to be understood that various other levels of interconnect, as 
Well as electrical circuit elements may be disposed Within 
substrate 103. In various embodiments of the present inven 
tion, substrate 103 represents a semiconductor Wafer having 
previously fabricated portions of integrated circuits thereon, 
and an upper surface portion that is a dielectric material. 
Alternatively, substrate 103 may be vieWed as the layers of 
an integrated circuit disposed beloW an uppermost intercon 
nect level, such as, for example the pad metal layer. 

[0019] NarroW section 104 of metal stack 102 is provided 
to increase the current density, and thereby the localiZed 
heating, during an electrical fuse programming operation. It 
is noted that the tungsten layer and the aluminum layer may 
be selectively etched. That is, the tungsten layer and the 
aluminum layer may be simultaneously exposed to a tung 
sten etchant, and the aluminum Will be removed, if at all, at 
a very loW rate relative to the rate at Which the tungsten is 
removed. Various embodiments of the present invention 
utiliZe at least tWo layers of material in the fuse structure 
Wherein a ?rst material closer to the substrate surface may 
be etched selectively With respect to the one or more layers 
disposed above the ?rst material. 

[0020] Those skilled in the art of integrated circuits or 
semiconductor manufacturing Will appreciate that metal 
stack 102 may be formed from more than tWo layers of 
material; from tWo or more layers of material other than 
tungsten and aluminum; and Will further appreciate that the 
aluminum layer of this illustrative example may alterna 
tively be an aluminum alloy such as, but not limited to, a 
combination of aluminum and copper. Those skilled in the 
art of integrated circuits or semiconductor manufacturing 
Will further appreciate that the present invention encom 
passes any combination of materials suitable for fuse for 
mation, Wherein at least one material is in a layer disposed 
betWeen an upper layer and the substrate, and is selectively 
etchable With respect to the upper layer. It is noted that the 
at least one material is also typically selectively etchable 
With respect to the underlying dielectric layer. It is further 
noted that the upper layer may be, but is not required to be 
the uppermost layer of the material stack. 

[0021] It is noted that in addition to metal stacks, the 
present invention may alternatively be implemented as a 
“polycide” stack, i.e., a polycrystalline silicon layer topped 
With a metal silicide. In the ?eld of semiconductor manu 
facturing, polycrystalline silicon is sometimes referred to as 
polysilicon, or even more simply as poly. In an alternative 
arrangement, amorphous silicon may be used in place of 
polycrystalline silicon. 

[0022] FIG. 2 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line A-A. In this illustrative embodi 
ment, metal stack 102 includes a ?rst layer 203 disposed on 
substrate 103 and a second layer 201 disposed on ?rst layer 
203. As can be seen in FIG. 2, this portion of the fuse 
structure is covered by passivation layer 105. The loWer 
layer 203 in this portion of the fuse structure is not etched 
subsequent to its initial patterning because it is protected by 
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overlying passivation layer 105. In some embodiments of 
the present invention, the layer of photoresist used during 
the opening of the WindoWs in the passivation layer is still 
present on passivation layer 105 during a selective etch of at 
least a portion of ?rst layer 203. 

[0023] FIG. 3 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line B-B. In this portion of the fuse 
structure, the overlying passivation layer 105 has been 
etched aWay to expose layers 201, 203, and substrate 103. As 
can be seen in FIG. 3, portions of loWer layer 203 have been 
selectively isotropically etched through the opening in pas 
sivation layer 105 thereby resulting in undercut regions. 
Because this portion of metal stack 102 is relatively Wider 
than narroW portion 104 the undercutting etch operation 
does not typically remove all of ?rst layer 203 at this 
location in the fuse structure. 

[0024] FIG. 4 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line C-C Wherein the selective etch 
of the loWer layer leaves only a small portion thereof 
remaining under the upper layer thereby creating substantial 
gaps betWeen the upper layer and the substrate in the region 
of highest current density, i.e., narroW portion 104. These 
gaps substantially reduce the thermal conduction pathWay 
betWeen the upper layer and the substrate. 

[0025] FIG. 5 is a cross-sectional vieW of the structure of 
FIG. 1 taken across the line C-C Wherein the selective etch 
of the loWer layer removes all of that layer, thereby creating 
a complete gap betWeen the upper layer and the substrate in 
the region of highest current density. Such a complete gap 
further reduces the thermal conduction footprint as com 
pared to the structure shoWn in FIG. 4. 

[0026] FIG. 6 is a How diagram illustrating a process for 
the formation of fuse structure in accordance With the 
present invention. The illustrative process includes forming 
602 a patterned material stack With at least one loWer layer 
of the stack being selectively etchable With respect to at least 
one upper layer of the stack. The illustrative process further 
includes selectively etching 604 at least a portion of the at 
least one loWer layer. In this Way, the loWer layer is either 
partially or completely removed, thereby reducing a thermal 
conduction pathWay betWeen the fuse and the substrate. By 
reducing the amount of heat conducted into the substrate, the 
component reliability degradation associated With such a 
transfer of thermal energy is also reduced. 

[0027] FIG. 7 shoWs a How diagram illustrating a process 
for the formation of a fuse structure in accordance With the 
present invention. The illustrative process includes forming 
702 a ?rst blanket layer of a ?rst electrically conductive 
material on a substrate. In one embodiment, the ?rst elec 
trically conductive material is tungsten, and the substrate is 
a dielectric material that insulates the ?rst electrically con 
ductive material from other underlying conductive layers of 
an integrated circuit. Such a dielectric layer (sometimes 
referred to as an inter-layer dielectric (ILD)) is Well knoWn 
in this ?eld and is not described in greater detail herein. The 
?rst conductive material may be formed by any suitable 
process including, but not limited to, sputtering, evapora 
tion/deposition, chemical vapor deposition, or plasma 
enhanced chemical vapor deposition. Subsequent to the 
formation of the ?rst conductive layer, the illustrative pro 
cess continues by forming 704 a second blanket layer of a 
second electrically conductive material over the ?rst blanket 
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layer. In one embodiment, aluminum is deposited over the 
tungsten layer. Together, the ?rst and second layers are 
referred to a stack. Subsequent to the formation of the 
multi-layer stack, patterning 706 of the ?rst and second 
layers is performed so as to produce at least one patterned 
shape from the blanket layers of conductors. In one embodi 
ment, the metal stack is on the same layer of interconnect as 
the bonding pads of the integrated circuit. 
[0028] Patterning of metal lines, or other shapes is Well 
knoWn in the semiconductor manufacturing ?eld. Generally, 
a photoresist layer is formed over the surface of the inte 
grated circuit, the selected portions of the photoresist are 
exposed to an energy source, for example, visible light, 
ultra-violet light, or other higher energy illumination sources 
such as deep UV, e-beam, extreme UV (i.e., soft X-ray)), to 
polymeriZe or depolymeriZe the photoresist depending on 
Whether, respectively, a negative or positive photoresist is 
used, and the unpolymeriZed portions of the photoresist are 
removed in a developing process. The present invention is 
not limited to any particular masking technology or process. 
The portions of the metal stack that underlie the remaining 
portions of the photoresist are then protected from an 
etching process Which removes the unprotected (i.e., 
exposed) portions of the metal stack. The metal stack may be 
removed by any suitable etch process or processes. Such 
etch processes are generally Well knoWn to those skilled in 
the art, and include, but are not limited to, Wet chemical 
etching and plasma etching. The particular etch chemicals, 
temperatures, or plasma conditions for etching the metal 
stack depend upon various Well understood factors such as, 
but not limited to, the chemical composition of the metal or 
metal alloys in the stack, the thickness of the various layers, 
the desired removal rate of the etch operation, and so on. It 
is noted that the metal stack may be etched in multiple steps 
With each etch step designed to selectively etch the upper 
most layer of the stack. In one exemplary plasma etch 
process a Lam Research TCP9600 series etcher With a ?xed 
gap, a loWer electrode temperature of 50° C., and a chamber 
temperature of 70° C., is used to perform a series of steps, 
such as, but not limited to, idle; gas-?oW/pressure stabili 
Zation; break through and/or ARC (i.e., anti-re?ective coat 
ing) removal; aluminum bulk etch; aluminum over-etch; 
gas-?oW/pressure stabiliZation; tungsten etch (timed); and 
Wafer transfer. In such an exemplary etch process the 
aluminum bulk etch may be performed With a C12 How of 60 
sccm and a BCl3 How of 40 sccm at a pressure of 10 mTorr. 
In such an exemplary etch process the tungsten etch may be 
performed With a BCl3 How of 10 sccm and a SP6 How of 
100 sccm at a pressure of 10 mTorr. Those skilled in the art 
and having the bene?t of this disclosure Will recogniZe that 
there may be other suitable etch recipes for aluminum 
removal by chlorine and tungsten removal by ?uorine. The 
present invention is not limited to any particular etch recipe. 

[0029] The illustrative process continues by forming 708 
a blanket layer of a dielectric material over the substrate and 
the patterned ?rst and second layers. In the illustrative 
example the metal stack is the uppermost layer of intercon 
nect, and the blanket layer of dielectric material is the 
topside passivation layer. Subsequent to the formation of the 
topside passivation layer, the illustrative process continues 
by forming 710 an opening in the topside passivation layer 
Which exposes at least a portion of the patterned ?rst and 
second layers Which represents a fuse structure. Typically, 
the pad openings are formed simultaneously With the fuse 
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openings. The operation of forming openings in the topside 
passivation layer may also be referred to as patterning. 

[0030] In the case Where the fuse structure shares the same 
interconnect level as the bonding pads, the metal stack may 
be referred to as pad metal, and the mask used to pattern the 
topside passivation layer may be referred to as the pad mask. 

[0031] In accordance With the present invention, at least a 
portion of the ?rst layer is selectively etched 712 so as to 
create gaps betWeen the upper layer of the metal stack and 
the underlying substrate thereby reducing the thermal con 
duction footprint betWeen the high current density portion of 
the fuse and the substrate. Removal of at least a portion of 
the ?rst layer in this manner may be referred to as “overetch 
ing”. It Will be appreciated that an isotropic etch of the ?rst 
layer is performed in typical embodiments of the present 
invention. In some embodiments substantial gaps are pro 
duced by the overetching, While some portion of the ?rst 
layer remains under the upper layer of the metal stack (as 
shoWn in FIG. 4). In still other embodiments the ?rst layer 
is removed such that a complete gap is formed under the 
upper layer (as shoWn in FIG. 5). 

[0032] It Will be appreciated that in typical embodiments 
of the present invention, the bonding pads, Which Were 
formed from the same metal stack as the fuse structures, are 
not affected by the overetch operation because the pad mask 
openings are smaller than the dimensions of the bonding 
pads, and therefore the etchant intended to remove at least 
portions of the ?rst layer under the fuse structure, does not 
reach the ?rst layer under the upper portions of the pad 
metal. HoWever, alternative embodiments of the present 
invention may implemented Wherein the metal stacks com 
prising bonding pads are also subjected to the undercut etch. 

[0033] Various embodiments of the present invention 
include methods and apparatus for improving the reliability 
of integrated circuits that incorporate fuses. Such fuse struc 
tures in accordance With the present invention are suitable 
for use in integrated circuits generally, and for one time 
programmable (OTP) memory applications in particular. 

[0034] An advantage of some embodiments of the present 
invention, Wherein those embodiments provide a fuse incor 
porated in an integrated circuit, includes a reduction of the 
thermal energy transferred to the portions of the integrated 
circuit underlying the fuse, during the electrical program 
ming, or other heating, of the fuse. 

[0035] An advantage of some embodiments of the present 
invention, Wherein those embodiments provide a fuse incor 
porated in an integrated circuit, includes a reduction in the 
physical damage, such as cracking of the surface and/or 
substrate areas of the integrated circuit, subsequent to the 
electrical programming, or other heating, of the fuse. 

[0036] In one exemplary embodiment of the present 
invention, the reduced cross-section of the fuse structure has 
an increased current density resulting in a loWer amount of 
current being needed to program the fuse. 

[0037] It is noted that alternative embodiments in accor 
dance With the present invention are possible. For example, 
either prior to, or subsequent to, the etching of at least a 
portion a loWer layer of the fuse structure, an alternative 
embodiment may include etching a portion of the substrate 
underlying the fuse structure. In this Way a trench is formed 
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Within the substrate Which further reduces the conduction of 
heat from the fuse programming operation into the substrate. 

[0038] It is to be understood that the present invention is 
not limited to the embodiments described above, but encom 
passes any and all embodiments Within the scope of the 
subjoined Claims. 

1. A method of manufacturing a fuse structure, compris 
ing: providing an electrically insulating substrate forming a 
?rst blanket layer of a ?rst material over the substrate 
forming a second blanket layer of a second material over the 
?rst blanket layer patterning the second and ?rst layers to 
form a ?rst patterned structure; forming a passivation layer 
over the ?rst patterned structure; etching an opening in the 
passivation layer such that a portion of the ?rst patterned 
structure is exposed; and isotropically etching at least a 
portion of the ?rst material Within the opening in the 
passivation layer. 

2. The method of claim 1, Wherein the electrically insu 
lating substrate comprises an inter-layer dielectric. 

3. The method of claim 2, Wherein forming a ?rst blanket 
layer of a ?rst material comprises depositing tungsten over 
the inter-layer dielectric. 

4. The method of claim 3, Wherein forming a second 
blanket layer of a second material comprises depositing 
aluminum. 

5. The method of claim 4, further comprising forming a 
plurality of bonding pads; etching a plurality of openings in 
the passivation layer such that each of the plurality of 
openings is formed over a corresponding one of the bonding 
pads, and each opening is overlapped by the corresponding 
bonding pad. 

6. A method of forming a fuse structure 10, comprising: 

forming a patterned material stack With at least one loWer 
layer of the stack being selectively etchable With 
respect to at least one upper layer of the stack and 
subsequently selectively etching at least a portion of the 
at least one loWer layer. 

7. The method of claim 6, further comprising forming a 
passivation layer over the material stack. 

8. The method of claim 6, further comprising forming an 
opening in the passivation layer prior to selectively etching 
at least a portion of the at least one loWer layer. 
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9. The method of claim 6, Wherein the loWer layer 
comprises a material selected from the group consisting of 
polysilicon and amorphous silicon; and the upper layer 
comprises a metal silicide. 

10. The method of claim 6, Wherein the loWer layer 
comprises tungsten and the upper layer comprises alumi 
num. 

11. A fuse structure comprising: an electrically insulating 
substrate ?rst patterned material disposed over the substrate; 
and a second patterned material disposed over the ?rst 
material; Wherein at least a portion of the of the second 
patterned material overlaps at least a portion of the ?rst 
patterned material. 

12. The fuse structure of claim 11, Wherein the second 
patterned material is continuous and the ?rst patterned 
material is discontinuous such that at least a portion of the 
second material has an air gap disposed thereunder. 

13. The fuse structure of claim 12, Wherein the ?rst 
patterned material comprises tungsten and the second pat 
terned material comprises aluminum. 

14. The fuse structure of claim 11, Wherein the ?rst 
patterned material comprises polysilicon and the second 
patterned material comprises a metal silicide. 

15. The fuse structure of claim 11, further comprising a 
passivation layer disposed over the electrically insulating 
substrate the passivation layer having at least one opening 
therethrough such that at least a portion of the second 
patterned material is exposed thereby. 

16. A method of manufacturing a fuse structure compris 
ing: providing an electrically insulating substrate forming a 
?rst blanket layer of a ?rst material over the substrate 
forming a second blanket layer of a second material over the 
?rst blanket layer patterning the second and ?rst layers to 
form a ?rst patterned structure; and subsequent to patterning 
the second and ?rst layers, selectively etching at least a 
portion of the ?rst material; Wherein the ?rst material is 
polysilicon and the second material is a metal. 


